Background. Breast-conserving surgery (BCS) is the preferred treatment for nonpalpable breast carcinoma. The outcome, however, may be disappointing. In this study surgical outcome in a large cohort of patients diagnosed with nonpalpable breast carcinoma is evaluated. Methods. In 833 patients with 841 nonpalpable breast carcinomas the number of re-excisions and type of surgical procedures was calculated and summed per patient. Subsequently, the number of conversions to mastectomy and the number of days until complete tumor removal were analyzed. In a subgroup analysis the patients with an in situ carcinoma were compared with the patients with an invasive carcinoma. Results. The initial surgery consisted of BCS for 589 tumors (70%) and of mastectomy for 242 tumors (29%). For ten tumors (1%) the initial surgery was unknown. After BCS, 158/589 tumors (27%) required a re-excision: 116/ 337 (34%) for the in situ carcinomas and 63/504 (13%) for the invasive carcinomas (p = 0.0001). The number of conversions from BCS to mastectomy was 106/589 (18%): 66/241 (28%) in patients diagnosed with an in situ carcinoma versus 40/348 (11%) in patients with an invasive carcinoma (p = 0.0001). The median number of days until complete tumor removal was 28, being 38 days for the in situ carcinomas and 25 days for the invasive carcinomas (p = 0.0001).
The most radical change in breast surgery has been the transition from modified radical mastectomy to breastconserving surgery (BCS), first described in 1969. 1 Following several large randomized clinical trials that showed no difference in long-term survival after BCS compared with radical mastectomy, BCS in combination with radiotherapy became the new standard of care for women with early-stage breast carcinomas. [2] [3] [4] Another example of the development towards a less-invasive approach of breast cancer diagnosis and treatment was the replacement of open breast biopsy by large core needle biopsy (LCNB). The Core Needle Biopsy after Radiological Localization (COBRA) study was conducted in 973 patients with radiologically suspicious nonpalpable breast lesions to assess whether the sensitivity and specificity of large core needle biopsy were comparable to the diagnostic performance of open breast biopsy. 5 The results of this study showed a comparable diagnostic performance for large core needle biopsy and open breast biopsy. 5, 6 A second study (COBRA2000) was performed to assess the diagnostic performance of the COBRA guidelines outside a controlled study setting, i.e., in clinical practice. 7 In clinical practice the sensitivity of LCNB of nonpalpable breast lesions approached the high sensitivity of the surgical excision biopsy. 8 The introduction of large breast cancer screening programs in most Western countries resulted in the detection of larger numbers of early-stage invasive and in situ breast carcinomas. 9 The increasing number of small, early-stage breast cancer stimulated the development of less-invasive diagnostic and treatment modalities. Early-stage, small nonpalpable tumors are difficult to discern at surgery. Therefore a guide wire is usually placed preoperatively to allow localization of the tumor. However, placement of the hooked guide wire may be difficult in patients with dense breast tissue. The likelihood of wire displacement is increased in these patients and repositioning of the wire in dense fibroglandular tissue is often problematic. Furthermore, surgical excision with tumor-free resection margins is technically challenging even with a perfectly placed wire. [10] [11] [12] The literature on surgical outcome purely focusing on nonpalpable breast cancer is scarce and often includes diagnostics excisions. 13 Overall, in patients with a nonpalpable breast tumor, a re-excision is reported to be necessary in 40-56%. [14] [15] [16] [17] The purpose of this study was to evaluate the number of re-excisions and the number of conversions from BCS to mastectomy in patients with a nonpalpable malignancy on LCNB. Furthermore, the time interval between LCNB diagnosis and complete removal of all tumorous tissue was assessed.
MATERIALS AND METHODS

Patients
Patients were retrieved from the COBRA/COBRA2000 study, which was conducted from 1997 to 2003.
This cohort was described in detail by Hoorntje et al. and Verkooijen et al. 5, 18 A total of 1,700 consecutive patients underwent LCNB. Inclusion criteria for this study included a nonpalpable malignancy (in situ or invasive) on LCNB and available histopathological data on both LCNB and surgical specimens. Exclusion criteria were missing pathology data until 1 year after biopsy and a benign LCNB diagnosis. Ultimately 856 patients diagnosed with an invasive or noninvasive carcinoma on LCNB were eligible for inclusion.
Large Core Needle Biopsy
LCNB was performed following a standard protocol in four medical centers. 5 Lesions were localized with digital mammography. A minimum of five biopsy specimens was taken. In case of microcalcifications, at least eight specimens were obtained and specimen radiography was carried out to identify the calcifications in the biopsy specimen. After the LCNB, patients returned to the hospital that they were referred from. There, all further diagnostic (including histological analysis of the LCNB tissue samples) and therapeutic procedures were performed in a routine clinical setting. All patients with an in situ carcinoma or an invasive carcinoma underwent a hooked wire localized surgical excision.
Histopathological Analysis
Histopathological samples were taken from the macroscopically closest margin. Tumor free margins of [1 mm were considered adequate. Tumor tissue in B2 low-power fields (LPF) was considered focal irradicality and treated with local radiotherapy. Irradicality was defined as tumor tissue in [2 LPF and was treated with a re-excision or mastectomy.
Data Collection and Analysis
To avoid missing surgical procedures the number and type of surgical procedures, histopathological diagnosis, and time between the LCNB diagnosis and final surgery up to a maximum of 1 year after initial LCNB were extracted from the Dutch National Pathology Database (Pathologisch Anatomisch Landelijk Geautomatiseerd Archief, PALGA).
The first surgical procedure after LCNB was assessed, the number of initial planned mastectomies and the number of surgical procedures for complete tumor removal were calculated and summed per patient, and the number of conversions from BCS to mastectomy was documented. All LCNB (excluding the first one), lumpectomy, re-excisions, mastectomies, sentinel node biopsies, and axillary lymph node dissections were included in the analysis. Furthermore the total number of days between first LCNB and final removal of all tumorous tissue was calculated for each patient. To assess whether the number of surgical procedures differed between patients with in situ carcinoma and invasive carcinoma, a subgroup analysis was performed. Patients with pure invasive carcinoma were compared with patients with invasive and in situ carcinoma on final histopathology. Patients younger than the median age were compared with patients older than the median age. The number of surgical procedures and total number of days until all tumorous tissue was removed for both groups were compared using the t-test for the nonnormal distribution (Mann-Whitney U-test). The number of conversions to mastectomy for both groups was compared using the chi-square test. The number of surgical procedures after final histopathology was compared using the analysis of variance (ANOVA) and Bonferroni test. Differences in number of surgical interventions between younger or older than the median age were compared using the chi-square test. p-Value \0.05 was considered to be statistically significant. Data were analyzed using SPSS version 12.0.
RESULTS
After evaluation of the 856 eligible patients, 833 patients with 841 tumors were included in this study [mean age ± standard deviation (SD) 60.0 ± 9.9 years]. In 4 patients no data on the initial core biopsy were available, in 7 patients core biopsy revealed no malignancy, and in 12 patients no data on follow-up after the core biopsy were available (Fig. 1) . Pathology revealed 337 in situ carcinomas and 504 invasive carcinomas. The left breast was affected in 416 patients (49%), the right breast in 408 patients (49%), 8 patients had breast cancer in both breasts (1%), and in 17 patients (2%) the affected side was unknown ( Table 1 ). The histological biopsy results are summarized in Table 1 . The median histological tumor size was 12 mm (range 1-82 mm).
The number of surgical procedures after LCNB ranged from one to four procedures, with a median of one. The initial surgery consisted of BCS for 589 tumors (70%) and of mastectomy for 242 tumors (29%). For ten tumors (1%) the initial surgery was unknown. After BCS, 158/589 tumors (27%) required a re-excision, consisting of 67/158 tumors (42%) of BCS and 91/158 tumors (58%) of mastectomy. Twenty-one of these 158 tumors (13%) required more than one re-excision ( Fig. 2 and Table 2 ). Finally 106/589 (18%) re-excisions after initial BCS were converted to a mastectomy. The median number of days from the time of the LCNB until all tumorous tissue was removed was 28.
Subgroup analysis showed that the median number of interventions after LCNB in both groups was one and the range was one to four interventions for the patients diagnosed with an in situ carcinoma and one to three for the patients diagnosed with an invasive carcinoma. Patients with an in situ carcinoma on LCNB initially underwent Patients who showed invasive ductal carcinoma and ductal carcinoma in situ on histopathological evaluation after surgery had significantly more surgical interventions than patients with pure ductal carcinoma in situ (p = 0.048) and patients with pure invasive ductal carcinoma (p = 0.001). Next, patients who showed an invasive lobular carcinoma and an in situ lobular carcinoma on final histopathological evaluation had significantly more surgical interventions than patients with pure invasive lobular carcinoma (p = 0.01) and patients with an invasive ductal carcinoma (p = 0.03) ( Table 3) .
Patients who were younger than the median age (60 years) had significantly more surgical interventions than the patients older or equal to the median age (p = 0.021).
Finally in this study we found a 5-year survival of 93% for the patients with an invasive carcinoma and 98% for patients with an in situ carcinoma; the overall 5-year survival was 95%.
DISCUSSION
To the best of our knowledge this is the first large study that solely describes the surgical performance of patients diagnosed with nonpalpable breast carcinoma. Our results show that a total of 179 tumors of the 841 (22%) needed reexcisions to completely remove all tumorous tissue. The number of re-excisions was significantly higher in patients with an in situ carcinoma then in patients with an invasive carcinoma: 34% versus 13% (p = 0.0001). The number of conversions from BCS to mastectomy was 18%; this number was significantly higher in patients diagnosed with an in situ carcinoma: 28% versus 11% in patients with an invasive carcinoma (p = 0.0001). Patients with both an in situ ductal carcinoma and an invasive ductal carcinoma on final histopathology and patients with both an in situ lobular carcinoma and an invasive lobular carcinoma had significantly more re-excisions than patients with pure invasive or in situ carcinomas. Patients younger than 60 years had significantly more re-excisions than patients aged 60 years or older. Kurniawan et al. described the surgical outcome of patients with both palpable and nonpalpable breast carcinoma. All patients were included by way of the mammography screening program. The patients undergoing an initial mastectomy were excluded from this study. The percentage of initial mastectomies in this study was 9%, which is lower than the percentage of initial mastectomies in our study. The number of irradical re-excisions in patients with both ductal carcinoma in situ (DCIS) and invasive ductal carcinoma was higher than in the patients with pure DCIS or pure invasive ductal carcinoma, corresponding with our findings.
Next, they describe 23% conversions from initial BCS to mastectomy. 19 This percentage is higher than our overall percentage of conversions. This can be explained by the fact that all tumors were included in this study: palpable, nonpalpable, and T1-4 tumors, and the lower number of initial mastectomies. Our number of conversions to mastectomy is higher in patients diagnosed with an in situ carcinoma. Kurniawan et al. did not perform a subgroup analysis on the number of conversions for patients diagnosed with an in situ carcinoma.
There are several factors influencing the decision of performing a re-excision and the kind of surgery in (nonpalpable) breast cancer. Firstly, the definition of tumor-free margins is subject to discussion. The definition of tumorfree resection margins ranges from 1 to 5 mm. 13, 20 In literature we found tumor-positive resection margins in 35-42% in patients with T1-4 tumors. 13, 21 Again the tumors described in these studies were both palpable and nonpalpable and larger (T1-4) than the tumors we analyzed. In these studies a tumor-free margin was defined as [5 mm from the inked resection plain. The number of re-excisions we describe in this study is lower than described in the literature; possibly the fact that in our study a tumor-free margin of [1 mm was considered adequate contributed to the lower number of re-excisions. Furthermore, in this study focal irradicality of the excised tumor was treated with radiotherapy as is described in literature. 22 Secondly, the hooked wire placement is an important part of the surgical accuracy and is probably influenced by the experience of the radiologist. The hooked wire was placed in a routine clinical setting by both experienced and inexperienced radiologists. Wire-guided localization has several known disadvantages, such as wire displacement and the chance of a pneumothorax. 11 Currently other localization techniques, including the promising radioguided occult lesion localization technique, are subjected to intensive research. [23] [24] [25] [26] Thirdly the experience of the surgeon performing the BCS is an important factor influencing the number of tumor-free margins. Dedicated breast surgeons obtain more tumor-free margins and perform less initial mastectomies than surgical residents or general surgeons. 27, 28 As in this study both general and dedicated breast surgeons performed the BCS and mastectomies, possibly the number of tumor-free margins was lower and the number of initial mastectomies was higher than when only dedicated breast surgeons participated. 28 The overall number of days until all tumorous tissue was removed was 28 and differed significantly between in situ carcinomas and invasive carcinomas: 25 versus 38 days (p = 0.0001). In a study assessing differences in dedicated versus general surgeons the median duration from diagnosis to operation was found to be 5 weeks, which is similar to our data. 28 Finally, the kind of treatment is influenced by the patient's desire. Although it is well known and overall accepted that the survival rates after breast-conserving procedures and breast amputations are the same in patients with small localized breast carcinomas, around 35% of the patients when offered the choice still choose to undergo a mastectomy. 29, 30 This could be an explanation for the high number of primary mastectomies.
Reliable preoperative imaging is important for excision with tumor-free margins of the tumor, especially in nonpalpable cancer that has to be radiologically localized prior to surgery. Mammography and ultrasound are the most widespread imaging modalities for imaging of breast tumors. Unfortunately these imaging modalities have limitations. Although not recorded in this study, overall mammography and ultrasound tend to underestimate the true tumor size as assessed on histopathology. The correlation improves in larger tumors. 31 The patients with an in situ carcinoma scheduled for a BCS in this study underwent significantly more breast amputations than the patients with an invasive carcinoma. Limited possibilities to delineate the extent of in situ carcinoma with mammography and ultrasound could have contributed to the number of irradical excisions. Although current data on magnetic resonance imaging (MRI) are mixed, it could be more accurate in preoperative tumor size and distribution assessment and possibly reduce the number of reexcisions. [32] [33] [34] The difference in the number of days between patients with an in situ carcinoma and patients with an invasive carcinoma could also be explained by the fact that determining the extent of in situ carcinoma is difficult.
The survival found in this study is comparable to current literature. 35 In conclusion, in this study we showed that it is difficult to completely remove all tumorous tissue in one procedure. A total of 42% of patients diagnosed with early-stage nonpalpable breast cancer had a mastectomy. The treatment of in situ carcinoma is significantly more frequently converted from BCS to mastectomy than of invasive carcinoma. Improvements in preoperative imaging and surgical technique for nonpalpable breast carcinoma are needed to decrease the number of mastectomies.
